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Introduction

Brain tumors are a major cause of cancer-related mortality in chil-
dren. In particular, low-grade gliomas (LGG), high-grade gliomas 
(HGG) and diffuse intrinsic pontine gliomas (DIPG) comprise 
30–50%, ~20% and ~15%, respectively, of all central nervous 
tumors in children. Ependymomas represent 6–12% of all intra-
cranial tumors in children.1,2 In Cuba, ~40 new cases of brain 
tumors are diagnosed every year in children younger than 15 y, 
which calculates to a rate of 13.8 per 100 000 inhabitants.3

Treatment of HGG remains a challenge for neurosurgeons, 
radiotherapists and medical oncologists because of their dismal 
prognosis.4 Different therapeutic strategies with radiotherapy 
combined or not with chemotherapy have been investigated with-
out significant benefit in terms of survival.5-8 Despite intensive 
investigation, there is no standard chemotherapy regimen that is 
universally acknowledged in the setting of pediatric HGG.9

Brain tumors are a major cause of cancer-related mortality in children. Overexpression of epidermal growth factor 
receptor (EGFR) is detected in pediatric brain tumors and receptor density appears to increase with tumor grading. 
Nimotuzumab is an IgG1 antibody that targets EGFR. Twenty-three children with high-grade glioma (HGG) were enrolled 
in an expanded access program in which nimotuzumab was administered alone or with radio-chemotherapy. The 
mean number of doses was 39. Nimotuzumab was well-tolerated and treatment with the antibody yielded a survival 
benefit: median survival time was 32.66 mo and the 2-y survival rate was 54.2%. This study demonstrated the feasibility 
of prolonged administration of nimotuzumab and showed preliminary evidence of clinical benefit in HGG patients with 
poor prognosis.

Treatment of children with high grade glioma 
with nimotuzumab
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While the role of epidermal growth factor receptor (EGFR) 
in the genesis and progression of adult HGG is well-validated,10 
its relevance in pediatric brain tumors is less established. Despite 
the lack of universal expression in all pediatric brain tumors, 
overexpression of EGFR is indeed found in HGG by immuno-
histochemistry.11-13 Furthermore, relative to pediatric LGG, sig-
nificant overexpression of EGFR has been observed in pediatric 
HGG, and it is been claimed that EGFR expression increases 
with tumor grading.14

Other authors have reported a high degree of immunopositiv-
ity for wild type EGFR in pediatric glioma, together with low 
expression of EGFRvIII.15,16 Nimotuzumab is a humanized IgG1 
monoclonal antibody that targets EGFR. Its preclinical activity 
has been summarized previously17 and more than 30,000 patients 
bearing epithelial-derived tumors have been treated worldwide 
with nimotuzumab. Compared with other marketed anti-EGFR 
monoclonal antibodies such as cetuximab and panitumumab, 
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chemotherapy. Sixteen patients who were already irradiated 
prior to joining the expanded access program received nimotu-
zumab combined with chemotherapy (procarbazine, cyclophos-
phamide, cisplatin and prednisone) and 3 patients were treated 
with the antibody alone because they had previously finished 
radio-chemotherapy. Considering the poor prognosis of the pait-
ents, treatment with nimotuzumab continued after radio- and 
chemotherapy.

The mean number of doses of nimotuzumab administered was 
39 (median 19, range 8–106). Eleven patients (47.8%) received 
more than 20 doses of nimotuzumab and 7 patients (30.4%) 
received more than 60 antibody doses. Treatment was not dis-
continued at the moment of radiologic disease progression, but 
was discontinued if there was a severe deterioration of the per-
formance status (Karnofsky or Lansky performance status ≤ 20), 
in case of unmanageable toxicity or after a maximum treatment 
period of 4 y. In total, 4 patients were treated for the maximum 
period, and did not have progressive disease, significant clinical 
deterioration or severe toxicity. Patient, disease and treatment 
characteristics are shown in Table 1.

Remarkably, at the time this report was prepared, none of the 
patients has disease progression after treatment discontinuation 
and no delayed adverse events (AEs) related to nimotuzumab 
exposure were detected.

In spite of the prolonged therapy, nimotuzumab was well-
tolerated. The frequency of AEs did not increase with repeated 
treatment, confirming the lack of cumulative toxicity. One 
patient experienced grade 4 mucositis that did not result in treat-
ment discontinuation. Another patient had vomiting and a vaso-
vagal episode after administration of a total of 23 nimotuzumab 
doses, leading to voluntary withdrawal. Two patients developed 
mild to moderate skin rash (4 episodes), while 2 patients had 
grade 1 or 2 mucositis.

Cardiac function was evaluated through electrocardiograms 
and echocardiography to estimate the ventricular ejection frac-
tion before and after treatment. None of the patients had evi-
dence of cardiac toxicity. No other alterations were detected 
either in the hepatic or renal function assessed through conven-
tional laboratory tests (bilirubin, transaminases, urea, creatinine 
and uric acid) and by hepatic and renal ultrasound. Patients were 
evaluated up to 1 y of finishing therapy.

Overall, children reacted very favorably to the antibody 
infusions. Apart from chemotherapy that causes a lot of dis-
comfort, nimotuzumab infusions were very well tolerated and 
children did not need hospitalization. Twenty out of 23 patients 
were older than 6 y and many of them, could re-start school 
activities during nimotuzumab treatment period. Only one 16 
y-old patient complained about bi-weekly visits to the hospital. 
In addition, children received strong psychological support by 
the hospital experts that contributed to the acceptance of the 
lengthy therapy.

Treatment response was as follows: 9 patients achieved com-
plete response, 3 had partial response, 4 had disease stabiliza-
tion and 6 patients had progressive disease as best response. The 
objective response rate (complete + partial response) was 52.2% 
while the disease control rate (complete + partial response + 

nimotuzumab has an intermediate affinity and it binds pref-
erentially to tissues with high receptor density, e.g., epithelial 
tumors.18 Thus, nimotuzumab spares normal tissue, thereby 
avoiding unwanted toxicities.

The antibody has been previously shown to accumulate in 
primary and secondary malignant brain tumors. Technetium 
99-labeled ior egf/r3, nimotuzumab’s parental antibody, has been 
administered intravenously to cancer patients in a diagnostic 
clinical trial using immunoscintigraphy.19 Sensitivity was 100% 
for glioma patients, as evidenced by the accumulation of antibody 
in all patients with confirmed brain tumors.19 Nimotuzumab 
itself, labeled with the same radioisotope, accumulated in the 
brain tumors of patients with persistent glioblastoma multiforme 
or anaplastic astrocytomas after treatment with irradiation and 
nimotuzumab.20 The objective responses (complete and partial 
responses) seen after treating relapsing glioma patients with ior 
egf/r321 or nimotuzumab alone,22 indicates antibody penetration 
and effect at the tumor site.

Several studies with nimotuzumab in children have been 
completed. A Phase 2 trial evaluated nimotuzumab in 47 pedi-
atric patients (4–17 y) with refractory or relapsed pediatric 
HGG. Nimotuzumab was infused at 150 mg/m2 weekly for 6 
weeks followed by a consolidation therapy of 4 infusions every 
3 weeks in the absence of progressive disease. Objective response 
was achieved in 14 of 46 patients. Median overall survival was 
extended for responders (10 mo) compared with non-responders 
(4 mo).22

Children with newly diagnosed DIPG have also been treated 
with nimotuzumab in combination with radiotherapy or radio-
therapy/vinorelbine. A Phase 3 open-label, single-arm trial was 
done to assess the safety and efficacy of nimotuzumab in newly-
diagnosed DIPG patients in combination with radiotherapy. The 
best responses included partial remission in 4 patients (9.8%) 
and stable disease in 27 children (65.8%). The median overall 
survival was 9.6 mo.23 In another study, Massimino et al. treated 
DIPG patients with nimotuzumab, vinorelbine and radia-
tion, followed by consolidation courses of the antibody every 
2 weeks. Preliminary results for 12 children, age range 3–13 y 
were recently reported.24 After a mean follow-up of 10 mo, their 
progression free survival (PFS) at 9 mo was 69 ± 21% and their 
overall survival at 12 mo was 81.5 ± 12%.

Nimotuzumab has been approved in Cuba as a treatment for 
children with relapsing glioma since 2007. Here, we report the 
results of an expanded access program that included 23 pediat-
ric patients with newly diagnosed HGG that were treated with 
nimotuzumab in combination with radiotherapy, chemotherapy 
or with the antibody alone.

Results

From 2007 to 2011, 23 pediatric patients with documented HGG 
were included in the nimotuzumab expanded access program 
conducted at the Juan Manuel Marquez Hospital. The mean 
age was 12.4 y (range 2–18 y). All patients had a Karnofsky or 
Lansky performance status of 40 or more. Five patients received 
nimotuzumab in combination with radiotherapy followed by 
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Evaluation of EGFR expression in the primary tumor was not 
done as part of the study.

This study established the safety of prolonged (up to 4 y) 
administration of nimotuzumab and provided preliminary evi-
dences of survival benefit. To our knowledge, this study shows 
one of the highest cumulative monoclonal antibody exposure 
ever achieved in pediatric population. The mean nimotuzumab 
number of doses was 39 and one third of the children received 
more than 60 antibody infusions after prolonged stabilization 
or clinically irrelevant progressive disease. Long-term treatment 
with nimotuzumab yielded initial evidences of survival benefit: 
the 2-y survival rate was 54.2%, compared with the < 10–30% 
historical 2-y survival rate after aggressive multimodality thera-
peutic approach (surgery, radiation and chemotherapy).

Several strategies that employ high-dose chemotherapy have 
been used so far without significant impact in overall survival.6-9 
The most common regimens consist of combinations of predni-
sone, lomustine and vincristine (PCV) and radiotherapy or temo-
zolomide and irradiation. Study CCG 945 compared radiotherapy 
and PCV chemotherapy to a combination of local irradiation and 
8-in-1 chemotherapy administered pre-and post-radiotherapy.10 

stable disease) was 69.5%. Figure 1 shows two images of a patient 
showing prolonged disease stabilization after 4 y of treatment.

Overall survival was estimated from the beginning of the 
antibody treatment: mean and median overall survival was 36.44 
and 32.66 mo, respectively. The 1, 2 and 3 y survival rate was 
64%, 54.2% and 48.8%, respectively. No correlation was found 
between age and survival as per a Cox regression.

Discussion

The management of brain tumors in children remains a chal-
lenge for neuro-oncologists. HGG consists of anaplastic astrocy-
toma [AA; World Health Organization (WHO) grade III] and 
glioblastoma multiforme (GBM; WHO grade IV).6 They occur 
most commonly in the supratentorial region or in the brainstem.

We present here the results of an expanded access program 
that enrolled 23 pediatric patients with non-brainstem, pathol-
ogy confirmed-high grade astrocytomas. All patients had residual 
tumors after surgery. The expanded access program was launched 
because of the poor patient prognosis and the previous clinical 
evidences of nimotuzumab activity in the recurrent scenario. 

Table 1.  Patient, disease and treatment characteristics of the patients enrolled in nimotuzumab expanded access program

Pt Id Age Sex Diagnose Tumor location Previous therapy
Nimotuzumab 
administration 
(Combination)

Number of 
doses

Best 
response

Survival time 
(months)

DVM-01 14 F AA Temporal Surgery/RT CTP 106 CR 63.87

JLGP-02 11 M AA Occipital Surgery/RT CTP 18 CR 43.77

ARU-03 13 M AA Fronto-temporal Surgery/RT CTP 10 SD 64.07

AAF-04 14 M AA Intraventricular Surgery/RT CTP 87 CR 49.57

VRG-05 18 F AA Temporo-occipital Surgery/RT CTP 82 CR 57.73

AFR-06 16 F AA Frontal Surgery/RT CTP 100 PR 59.53

LARI-07 18 M AA Occipital Surgery/RT CTP 104 CR 61.60

YGH-08 13 F GBM Parietal Surgery/RT CTP 67 CR 32.67

GLM-09 17 F AA Occipital Surgery/RT CTP 8 PR 46.20

LPS-10 16 F AA Thalamus Surgery/RT CTP 10 PD 6.50

MRQ-11 4 F AA Fourth ventricle Surgery/RT CTP 20 PD 9.17

ACR-12 8 F GBM Parieto-occipital Surgery RT/CTP 14 CR 5.27

MTR-13 2 F GBM Intraventricular Surgery CTP 12 PD 9.37

RSP-14 16 F AA Parietal Surgery/RT/CTP monotherapy 16 PD 6.0

OPI-15 15 F GBM Frontal Surgery RT/CTP 20 PD 19.93

RHE-16 8 F AA Thalamus Surgery/RT/CTP monotherapy 8 PD 2.07

AAF-17 4 F AA Thalamus Surgery/RT/CTP monotherapy 10 PD 3.07

SSP-18 14 F AA Frontal Surgery/RT CTP 26 PR 27.70

RAJD-19 13 F AA Temporal Surgery/RT CTP 106 CR 56.50

AIT-20 11 F AA Spinal cord Level C3-C6 Surgery RT/CTP 30 SD 15.20

CJBO-21 15 M AA Fronto-parietal Surgery RT/CTP 19 CR 7.33

EVL-22 10 M AA Temporo-occipital Surgery RT/CTP 19 PR 7.33

KYSB-23 7 M AA Parietal Surgery/RT CTP 9 SD 1.00

GBM, glioblastoma multiforme; AA, anaplastic astrocytoma; RT, radiotherapy; CTP, chemotherapy; CR, complete response; PR, partial response; SD, 
stable disease; PD, progressive disease.
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of the performance status, unmanageable toxicity or after 4 y of 
treatment. We speculate that cancer can be transformed from a 
rapid fatal disease to a chronic condition, potentially compatible 
with many years of quality life, by the use of lengthy treatment 
with drugs that target relevant antigens for oncogenesis that are 
not overexpressed in normal tissues. This is the case of pediatric 
glioma and nimotuzumab. This antibody has an excellent safety 
profile that is unique in its class.22,23 Because the antibody has 
intermediate affinity for EGFR, it preferentially accumulates in 
malignant tumors that overexpress EGFR, avoiding the severe 
skin rash, hypomagnesemia or diarrhea usually seen with cetux-
imab, panitumumab, erlotinib or gefitinib.26,27

Other monoclonal antibodies such as bevacizumab, an anti-
VEGF molecule, have been used in the treatment of children 
with brain tumors at significantly lower cumulative doses.28-31 
Children were administered bevacizumab at 10 or 15 mg/kg every 
2 or 3 weeks as long as they did not show unacceptable toxicity 
or disease progression. In general, toxicities reported for bevaci-
zumab were grade 1–2 hypertension, proteinuria, lymphopenia, 
wound healing delay, grade 1 to 3 fatigue, grade 1 central nervous 
system (CNS) hemorrhage and grade 4 CNS ischemia.28-31

In summary, the feasibility and safety of prolonged adminis-
tration of nimotuzumab in a pediatric population has been dem-
onstrated, and preliminary evidences of clinical benefit in 23 
HGG patients with very poor prognosis was observed. New trials 
in the same indication evaluating different combination schemes 
together with biomarker correlatives studies with nimotuzumab 
are warranted.

The study enrolled 172 newly diagnosed children with HGG 
who had undergone surgical resection. After a central pathologic 
review, the 5-y survival estimates were 19% ± 5% (standard) and 
23% ± 5% (8 in 1 chemotherapy).9

A second study conducted by ACNS0126 where 107 patients 
with AA, GBM, or gliosarcoma underwent concomitant chemo-
radiotherapy with temozolomide followed by adjuvant temozolo-
mide, yielded a 3-y overall survival rates of 22 ± 5%. The authors 
concluded that temozolomide failed to improve outcome in chil-
dren with high-grade astrocytomas.6 Another multi-institutional 
study coordinated by St. Jude Children’s Research Hospital 
between 1999 and 2002 tested the efficacy of temozolomide in 
patients with non-brainstem HGG. Following surgery, patients 
received radiotherapy (RT) and 6 cycles of temozolomide. The 
study also included an optional window therapy of irinotecan. 
Thirty-one patients were enrolled and the 1- and 2-y overall sur-
vival estimates were 63% ± 8% and 21% ± 7%, respectively.9 In 
a different study of temozolomide and RT, 23 newly-diagnosed 
HGG patients underwent surgical resection with radiation ther-
apy and temozolomide for 1 y. The median overall survival for 
invasive or focal HGG patients was 13 and 24 mo, respectively.25 
Both chemotherapy regimens (PCV or temozolomide) have 
been associated with severe hematologic toxicity.6-9,25 Previous 
treatment intensification using conventional nonspecific chemo-
therapy has thus resulted in additional toxicity without major 
improvement in survival.

In our study, encouraging survival and long-lasting disease 
control was attributed to the prolonged treatment with nimotu-
zumab, which was only discontinued after severe deterioration 

Figure 1. Patient showing prolonged disease stabilization after 100 doses of nimotuzumab over 4 y.
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added to the conventional therapy according the national guide-
line, which consisted of radiotherapy equivalent to 5,400 cGy, 
followed by chemotherapy consisting of procarbazine  
100 mg/m2 (days 1–10), cyclophosphamide 1 g/m2 (day 1), cis-
platin 30 mg/m2 (days 1–4) and prednisone 40 mg/m2 (days 
1–14) (4 to 6 cycles). Nimotuzumab was administered in combi-
nation with radiotherapy, chemotherapy or alone, according the 
treatment stage of each patient at the time of enrollment in the 
expanded access program.

Patients received 12 weekly doses of nimotuzumab (induction 
therapy) at the dose of 150 mg/m2. After the induction, patients 
received the same dose, every 14 d. Nimotuzumab was admin-
istered intravenously (antecubital vein) in 250 ml of saline solu-
tion for 1 h. Treatment was interrupted only in case of serious or 
severe toxicity or after severe deterioration of the patients’ perfor-
mance status.

All AEs were assessed, recorded and graded according to the 
National Cancer Institute Common Terminology Criteria for 
Adverse Events (CTCAE), version 3.0. All patients who received 
at least 1 dose of nimotuzumab qualified as evaluable for response 
and safety. Objective response (complete +partial response) was 
evaluated according the updated response assessment criteria 
for HGG proposed by the Neuro-Oncology Working Group.33 
Overall survival was estimated using the Kaplan Meier method 
at the time of nimotuzumab treatment initiation.
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Patients and Methods

Children bearing newly diagnosed supratentorial HGG were 
included in the nimotuzumab expanded access program con-
ducted at the onco-hematology service of the Juan Manuel 
Marquez Hospital (Havana, Cuba) between 2007 and 2011. 
Histology confirmation was mandatory for enrollment. The 
tumors were graded using the WHO criteria32 in which an AA 
exhibits focal or diffuse anaplasia with increased cellularity, pleo-
morphism, nuclear atypia and mitotic activity, and a GBM exhib-
its all the above features in conjunction with prominent vascular 
proliferation and/or necrosis. All patients had poor prognosis due 
to confirmed residual tumors after surgery.

Other inclusion criteria were age between 2–18 y; patients 
had measurable lesions, defined as those that can be exactly 
measured in at least 2 dimensions (2 perpendicular larger diam-
eters) using conventional imaging techniques (CT scan, MRI); 
female patients had a negative pregnancy test and used effective 
contraceptive methods if they were fertile and sexually active; 
life expectancy higher than 12 weeks; general performance sta-
tus ≥ 40% (Karnosfsky for patients older than 16 y and Lansky 
for patients younger than 16); laboratory parameters within 
normal limits defined as: hemoglobin ≥ 10 g/L, total leuko-
cytes ≥ 2 × 109 cells/L, platelets ≥ 100 × 109/L, functional 
hepatic tests within normal limits demonstrated by GPT, GOT  
≤ 2.5 × the upper reference value, renal function: seric creati-
nine ≤ 1.5 the upper reference value. Parents and legal guardians 
were required agree to the participation of the patient and to sign 
informed consent documents. The protocol was approved by the 
Institutional Review Board of Hospital. The study was conducted 
under the principles embodied in the Declaration of Helsinki.

Patients were treated with nimotuzumab alone or in com-
bination with irradiation or chemotherapy. Nimotuzumab was 
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